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induced reduction of JP expression led to abnormal membrane structure and
compromised store-operated Ca2þ entry in adult muscle fibers, consistent
with JP’s essential role in muscle development and function. This transgenic
system can be applicable for inducible and reversible knockdown of different
genes and in different tissues, as well as for control of transgene overexpression
in an inducible and tissue-specific manner, thus providing a versatile system for
eluciding the physiological gene function using viable animal models.
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Extrusion of Ca2D Across the Tubular SystemMembrane is Dependent on
Membrane Potential and the Cytoplasmic Ca2D in Rat Skeletal Muscle
Joshua N. Edwards, Bradley S. Launikonis.
Little is known about the ability of the tubular (t-) system membrane in skeletal
muscle to extrude Ca2þ from the fibre, which is presumably due mostly to the
activity of the Ca2þ-pump. Therefore we aimed to characterise t-system Ca2þ
translocation properties by changing the steady-state [Ca2þ]cyto and resting
membrane potential. To do this, we imaged fluo-5N in the t-system of rat
mechanically skinned extensor digitorum longus fibres bathed in a Kþ- or
Naþ-based internal solution on a confocal microscope. Fluo-5N was calibrated
in situ and had a Kd of ~320 mM. Following depletion of [Ca2þ]t-sys by chronic
activation of store-operated Ca2þ entry (SOCE) in a solution containing 10 mM
Mg2þ, 5 mM BAPTA and 5 mM caffeine, the fibre was exposed to an internal
solution containing 1 mM Mg2þ, 1 mM EGTA and either 100, 200 or 800 nM
Ca2þ. [Ca2þ]t-sys increased to hundreds of mM and mM levels in polarized and
depolarized fibres, respectively, in seconds due to the different driving forces
for Ca2þ across the t-system. In some fibres, vacuolated longitudinal tubules
(Edwards & Launikonis, 2008, J Physiol) were observed with a high [Ca2þ].
Under conditions of chronic SOCE activation, the transverse tubules rapidly
depleted of Ca2þ (seconds) while high [Ca2þ] persisted in the vacuolated lon-
gitudinal tubules for > 20 min (n=3). Subsequent exposure to an internal solu-
tion with 1 mM Mg2þ and 800 nM Ca2þ saw a rapid (seconds) increase in
transverse tubular [Ca2þ] that was trailed by a similar Ca2þ increase in longi-
tudinal tubules by at least 5 min.
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Using Superfast Confocal Microscopy to Measure the Ca2D ReleaseWave-
form and Spread of Excitation throughout the Tubular Network in Mam-
malian Skeletal Muscle
Joshua N. Edwards, Tanya R. Cully, Thomas R. Shannon,
Bradley S. Launikonis.
In skeletal muscle, uniform release of Ca2þ is dependent on the rapid spread of
excitation across the sarcolemma and throughout the tubular (t-) system. The t-
system primarily consists of transverse, but also longitudinal tubules, intercon-
nected throughout to form an extensive membranous network along the fibre.
Both tubules can conduct action potentials, however, the rapid rising phase
of the action potential-induced Ca2þ transient and underlying release flux as
well as any longitudinal spread of excitation between sarcomeres cannot be ad-
equately measured with conventional imaging techniques. Therefore, we im-
aged Ca2þ transients with Oregon Green Bapta 5N (OGB5N) at 15.5 ms
line1 on a Zeiss 5 LIVE confocal system from electrically stimulated mechan-
ically skinned fibres from rat. We resolved the rising phase of Ca2þ release
from the SR during field stimulation, lasting some 1.5 to 5ms. From the
OGB5N fluorescence signals that displayed a very uniform release of SR
Ca2þ upon stimulation, we derived the release flux to rise to a peak of
120mM/s in about 0.6ms and continue at a rapidly decreasing rate for a further
2ms. Following field stimulation in some skinned fibres, we observed that in
areas where transverse tubules failed to be excited by the initial stimulus
Ca2þ release propagated in from the adjacent regions at a rate of ~16 mm
ms1. The areas where depolarization via the field pulse failed to depolarize
transverse tubules could be up to 50 mm along the long axis of the fibre. This
area was subsequently always excited by action potentials propagating inward
along longitudinal tubules to initiate Ca2þ release.
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Differential Recording of Voltage Changes at the Surface and Transverse
Tubular System Membranes of Mammalian Skeletal Muscle Fibers using
Di-8-Anepps and Global and TIRFM
Joana C. Capote, Marino DiFranco, Julio L. Vergara.
Aiming to investigate the distribution of ClC-1 and KIR channels at the sar-
colemma and transverse tubular system (TTS) membranes of mammalian
skeletal muscle fibers, we used global and total internal reflection fluores-
cence microscopy (TIRFM) to monitor voltage changes in these compart-
ments, respectively. Enzymatically-dissociated fibers from murine FDBand interosseus muscles were stained with the potentiometric dye di-8-
ANEPPS, and voltage-clamped with a two-microelectrode system. Ion sub-
stitutions were used to isolate and characterize the specific ClC-1 (ICl) and
KIR (IKIR) currents: 70 mM internal [Cl
-] and 120 mM external [Kþ], re-
spectively. Also, 9-ACA and TEA were used to, respectively, block these
currents. Global di-8-ANEPPS signals report, early after the onset of large
hyperpolarizing pulses, ICl-dependent attenuations with respect to those re-
corded in the presence of 9-ACA. Peak attenuation levels of ~35% were ob-
served for ICl of ~900 mA/cm
2. Large attenuations were similarly observed
in global signals recorded the presence of large IKIR’s with respect to those
in TEA. In contrast, TIRFM di-8-ANEPPS signals demonstrate only minor
current-dependent attenuations (<10%) under conditions in which global
signals evidenced much larger attenuations. Overall, our results demonstrate
that voltage changes at the TTS membranes display prominent current-
dependent attenuations while the sarcolemma is largely under voltage-
clamp control. A radial cable model of the TTS, including equations for
each current pathway and luminal accumulation/depletion of ions, was
used to quantitatively predict the ionic currents and to assess their effects
on average TTS voltage changes. Comparative analysis of global optical
data with model predictions of voltage changes in the TTS suggests that
both ClC-1 and KIR channels are equally distributed in both membrane
compartments. Supported by NIH grants AR047664, AR041802, and
AR054816.
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Fatigue-Induced Kinetic Changes in Tetanic Ca2D Transients in Enzymat-
ically Dissociated Mouse Fibers
Juan C. Caldero´n, Pura Bolan˜os, Carlo Caputo.
We used enzymatically dissociated FDB and Soleus fibers loaded with the fast
Ca2þ dye Magfluo-4 AM (Caldero´n et al. 2010), to test whether repetitive stim-
ulation induces progressive changes in the kinetics of Ca2þ release and reup-
take in a fiber type-dependent fashion. Control experiments applying
repetitive stimulation to FDB fibers loaded with Fluo-3 AM demonstrated
that the preparation reproduced the main previously published findings on
Ca2þ transients during fatigue, namely the tetanic Ca2þ transient amplitude de-
crease and the basal Ca2þ increase (Westerblad & Allen, 1991). When loaded
with Magfluo-4 AM, a subgroup of MT-II fibers (fMT-II) showed significant
reductions, of 28,1 and 29% (n=7), of the amplitude and the amplitude/rise
time relationship of the first peak of the tetanic transient, respectively, after
40 tetani. A subgroup of more resistant MT-II fibers (rMT-II) showed reduc-
tions of 21,6 and 28,8% (n=6) only after 60 tetani. MT-I fibers (n=5) showed
significant changes in both variables only after 80 tetani. fMT-II fibers also
showed an increase of 33,6% in the half width value of the first peak. MT-I fi-
bres did not show kinetic changes in the decay phase of the tetanic transients,
while significant changes of 29,3 and 13,3% in the first time constant of decay
(t1) values were seen after only 20 tetani in fMT-II and rMT-II fibers, respec-
tively. These changes were reversed after an average recovery period of 10 min.
Further experiments ruled out the possibility that the differences in the kinetic
changes of Ca2þ release between fibers MT-I and MT-II could be related to the
inactivation of Ca2þ releasemechanism. In conclusion, we show that a fatiguing
protocol induces important kinetic alterations of both Ca2þ release and reup-
take, which are larger in fibers MT-II than in fibers MT-I (FONACIT G-
2001000637).
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Role of C-Term Tail of DHPR b1A in the DHPR/RyR1 Interaction
Feng Wei, Kim Truong, Paul D. Allen, Isaac N. Pessah, Claudio F. Perez.
Although the mechanism by which the DHPR b1a subunit supports EC-
coupling is still debatable it is apparent that C-terminal domain of b1a (b-
Ct) is an intricate component of the interaction between the DHPR complex
and RyR1. To characterize the molecular components of b-Ct involved in
DHPR/RyR1 signaling we tested the effect of progressive truncation of b1a
subunit on EC-coupling and RyR1 activity. To do this cDNA constructs car-
rying truncations of either the 52 (b-52), 38 (b-38) or 14 (b-14) most C-ter-
minal amino acid residues of b1a were expressed in b-null myotubes and
then tested for their ability to restore depolarization-induced Ca2þ release
in Fluo-4 loaded cells. Whereas b-null myotubes expressing constructs
b-52 and b-38 were unresponsive to Kþ depolarization the cells expressing
b-14 displayed EC-coupling that was indistinguishable from that of cells ex-
pressing wt-b1a (KþEC50: b1a = 23mM, b-14 =21mM). Thus, these results
identify a segment of b-Ct of up to 24 amino acids that appears to be critical
for the functional interaction between DHPR and RyR1 during EC-coupling.
To test for specific interactions between the b-Ct and RyR1 we then studied
the effect of purified b subunits on RyR1 activity. Using 3H-ryanodine
Wednesday, March 9, 2011 591abinding to SR vesicles from skeletal muscle we found that purified wt-b1a
subunit had an inhibitory effect in RyR1 activity in a dose-dependent manner
(IC50=38nM). However, purified b-38, a construct that failed to restore EC-
coupling in myotubes, failed to inhibit 3H-ryanodine binding to RyR1. Over-
all, these results are consistent with the hypothesis that DHPR b1a subunit
functionally interacts with RyR1 through a domain in the final 38 amino acids
in its C-terminal tail.
Supported by NIH Grants 5K01AR054818-02 (to CFP) and 1P01AR044750 (to
PDA)
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Hydrophobic Residues that Determine In Vitro Activation of RyR1 by the
Beta1A Subunit of DHPR
Robyn T. Rebbeck, Yamuna Karunasekara, Esther M. Gallant,
Nicole A. Beard, Philip G. Board, Marco Giovani Casarotto,
Angela F. Dulhunty.
Excitation-contraction (EC) coupling in skeletal muscle depends on physical
interactions between two calcium ion channels: the dihydropyridine receptor
(DHPR) in the transverse tubule membrane and ryanodine receptor (RyR1)
in the sarcoplasmic reticulum membrane. Although the molecular components
of this interaction are still being identified, both the DHPR a1S and b1a subunit
are essential. The C-terminal 35 residues of b1a (V490-M524) and a hydropho-
bic heptad repeat (L478, V485, V492) are claimed to contribute to mammalian
EC coupling (1, 2), but the heptad repeat is not important in a zebrafish model
(3). We investigated the importance of the heptad repeat using two peptides:
b1a490-524 (containing only one hydrophobic heptad repeat residue) and
b1a474-508 containing all repeat residues.
Both biotinylated b1a peptides bound RyR1 in streptavidin-agarose affinity
chromatography. Peptide binding to the cytoplasmic side of RyR1 channels
in lipid bilayers and in [3H]ryanodine binding experiments showed that b1a
490-524 (100pM-500nM) increased RyR1 activity at cytoplasmic Ca2þ con-
centrations between 1 and 10mM, in the absence of Mg2þ inhibition. The action
of b1a 474-508 at 10 and 100nM was indistinguishable from that of b1a 490-
524, indicating that the heptad repeat is not crucial for this in vitro interaction.
In addition we find that three hydrophobic residues on one surface of an a-helix
between L496 and W503 are essential for b1a490-524 to activate RyR1 chan-
nels. Therefore hydrophobic residues in the C-terminus of the b1a subunit acti-
vate RyR1 activity under cytoplasmic Ca2þ and Mg2þ inhibition conditions
found during EC coupling, but the hydrophobic heptad repeat is not essential
for this action.
1. Beurg M et al. (1999) Biophys J77: 2953.
2. Sheridan DC et al. (2004) Biophys J87: 929.
3. Dayal A et al. (2010) Cell Calcium 47: 500.
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Intramolecular Cav1.1 Chimeras Reveal the Molecular Mechanism
Determining the Characteristic Gating Behaviour of the Skeletal Muscle
Calcium Channel
Petronel Tuluc, Manfred Grabner, Bernhard E. Flucher.
The Ca2þ channel CaV1.1 is the voltage sensor of skeletal muscle excitation-
contraction coupling. The classical skeletal muscle CaV1.1 isoform has poor
voltage sensitivity and conducts a small, slowly activating Ca2þ current. In con-
trast, a splice variant lacking exon 29 (a1S-DE29) (Tuluc et al.,2009) has an 8-
fold higher current amplitude, fast activation-kinetics, and a 30mV left-shifted
voltage-dependence of activation. Therefore, the extracellular loop in repeat IV
(IVS3-IVS4) mainly coded by exon 29 is a critical determinant of the charac-
teristic gating properties of CaV1.1. Here we used intramolecular chimeras be-
tween repeats I and IV to characterize the structural basis of the gating
properties of CaV1.1.
Inserting exon 29 (alone or in combination with IVS3) into the corresponding
region of repeat I was ineffective. However, in combination with the voltage
sensor (IVS4) it fully restored a1S-like amplitude and voltage-sensitivity to
a1S-DE29. Interestingly, all three chimeras exhibit faster activation kinetics.
Secondary structure predictions showed that the long IVS3-IVS4 loop con-
tains a beta-sheet while the short loop forms a coil. Point mutations in exon
29 which abolish the beta-sheet fully mimic the effects of deleting exon 29
regarding the kinetic properties and increase the current amplitude by 3-
fold and left-shift the voltage dependence by 15mV. Together with previous
findings (Nakai et al., 1994) our data suggest that the S3-S4 loop of the first
repeat determines activation kinetics, while the corresponding loop plus volt-
age sensor in the fourth repeat with its unique secondary structure dictate the
voltage-dependence, amplitude, and kinetics of skeletal muscle Ca2þ
currents.
Grants: PT (MFI-2007-417), BEF (FWF-P20059-B05).3197-Pos Board B302
Electrophysiological Analysis of Two Malignant Hyperthermia-Linked
Mutations in the 1,4-Dihydropyridine Receptor a1S Subunit
Roger A. Bannister, Ong Moua, Jose M. Eltit, Paul D. Allen, Kurt G. Beam.
Malignant hyperthermia (MH) is a pharmacogenetic Ca2þ-handling disorder of
skeletal muscle, for which three identified causative mutations reside in the a1S
subunit of the skeletal muscle 1,4-dihydropyridine receptor (DHPR). In this
study, we investigated the effects of two of these mutations (R174W,
R1086C) on the ability of the DHPR to function as an L-type Ca2þ channel.
To do so, we introduced the respective mutations into a1S subunits amino-
terminally tagged with yellow fluorescent protein (YFP-a1S), and expressed
the fusion proteins in dysgenic (a1S null) myotubes. Confocal imaging of the
YFP tags indicated that both YFP-R174W and YFP-R1086C were efficiently
targeted to plasma membrane junctions with the sarcoplasmic reticulum. Mea-
surement of intramembrane charge movements showed no significant differ-
ence in YFP-R174W or YFP-R1086C expression relative to YFP-a1S (p >
0.05, ANOVA). However, L-type Ca2þ currents in YFP-R1086C-expressing
myotubes were substantially reduced relative to myotubes expressing YFP-
a1S (p < 0.05, t-test). Strikingly, YFP-R174W failed to produce inward Ca
2þ
current during 200-ms test depolarizations under standard recording conditions
(n = 7; p< 0.005, t-test) or in the presence of the L-type channel agonist5Bay
K 8644 (10 mM; n = 2; p < 0.05, t-test). In addition, exogenous expression of
YFP-R174W reduced (~85%) L-type currents in myotubes cultured from nor-
mal mice, indicating that the R174W mutation may potentially interfere with
functional expression of the wild-type allele. Supported by NIH AR44750
and MDA 4319 to K.G.B.,and MDA 4155 to R.A.B.
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Effects of Cav1.1 Mutation (S4-II-R528H) Causing Hypokalemic Periodic
Paralysis on L-Type Calcium Current and Voltage Dependent Calcium
Release in Isolated Muscle Fibers
Erick O. Herna´ndez-Ochoa, Vicky Fu, Wentao Mi, Martin F. Schneider,
Stephen C. Cannon.
Hypokalemic periodic paralysis (HypoPP) is an inherited muscle channelop-
athy which has been linked to mutations in the L-type (Cav1.1) Ca2þ channel
alpha 1 subunit. Remarkably, 6 of 7 HypoPP mutations in CaV1.1 are at argi-
nines in S4 voltage sensors, as are all 8 HypoPP mutations in NaV1.4. Here, we
generated a genetically engineered mouse with one amino acid substitution
causing HypoPP located in the S4 voltage sensor of the second domain of
the Cav1.1 alpha subunit (S4-II R528H). Homozygous mutant mice (S4-II
R528H) were viable, and while spontaneous attacks of weakness were not ob-
served, tetanic force was reduced during low K challenge for in vitro contrac-
tions. Single isolated flexor digitorum brevis (FDB) muscle fibers from S4-II
R528Hmice exhibited 80% reduction in the amplitude of fluo4 Ca2þ transients
compared to fibers from wild type (WT) mice when subjected to single or re-
petitive (30 Hz) field stimulation. In voltage-clamped FDB fibers from S4-II
R528H mice, charge movement was not significantly altered in amplitude or
voltage dependence whereas calcium current density was significantly reduced
by 50%. Depolarization-induced fluo4 transients (F/F0) were also reduced in
FDB fibers from S4-II R528H mice when compared to WT counterparts, as
were the Ca2þ transients and Ca2þ release calculated from F/F0. Fibers
form S4-II R528H mice exhibited a reduction in the amplitude of maximum
Ca2þ release rate (Rmax) by ca 80 % when compared to WT fibers. It is con-
cluded that the S4-II R528H mutation of CaV1.1 channel significantly reduces
the whole-cell Ca2þ channel current amplitude, and is crucial for Cav1.1/RyR
coupling during voltage dependent Ca2þ release in skeletal muscle. Supported
by NIAMS (AR42703) and NIAMS (R01-AR055099) of the NIH, and the Mus-
cular Dystrophy Association.
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Regions of the DHPRb1A Subunit Responsible for DHPR Voltage-Sensing
in Skeletal Muscle Excitation-Contraction Coupling
Vinaya Kumar Bhat, Anamika Dayal, Manfred Grabner.
In the DHPRb1-null zebrafish strain relaxed the lack of b1a results in reduced
DHPRa1S membrane expression, in impediment of tetrad formation, and also
in the elimination of a1S charge movement (Schredelseker et al., 2005,
PNAS). Recently we postulated a model describing the b1a subunit as an allo-
steric modifier of proper a1S conformation (Schredelseker/Dayal et al., 2009,
JBC) and thus enabling full DHPR functionality in skeletal muscle
excitation-contraction (EC) coupling.
To investigate if distinct regions of b1a might be responsible for inducing the
voltage-sensing function of the DHPR, we expressed different b isoforms and
chimeras in isolated myotubes of relaxed larvae for patch clamp (charge
movement) analysis. Quantitative immunocytochemical analyses showed
that all four b isoforms (b1-b4) were able to fully target a1S into triads.
